Abstract. Biosorption is an environmental friendly method for metal removal as it can be used as a cost effective and efficient technique for heavy metal removal. A lot of biomass can be choosed as biosorbent such as waste material from food processing and agriculture.ent. This paper will review the potential used of local fruit rind as biosorbent for heavy metal removal in wastewater. Heavy metals have been in various industries and resulted to a toxic condition in aquatic ecosystem. Therefore, various techniques have been employed for the treatment of metal-bearing industrial wastewaters including biological treatment through biosorption. Biosorption offers the advantages of low cost, good efficiency and production of sludge with high metal content is possible to avoid by the existence of metal recovery method from metal loaded biosorbent. The successful application of local fruit waste in treating wastewater containing heavy metals requires a deeper understanding of how biosorbent material proceeds.
Introduction
Rapid industrialization and development released excessively heavy metals into the environment. Industries such as mining, metal plating and battery manufacturing, result in the release of heavy metals to aquatic ecoystem. Hence, it is important to remove heavy metal from the waste stream. [1] .
Heavy metals are applied to a group of metals and metalloids with atomic density five times more than water. The most toxic form of these heavy metals in their ionic species. In the environment, the heavy metals are generally more persistent than organic contaminants such as pesticide or petroleum byproducts. The heavy metals can become mobile in water and soil depending on water and soil specification [2] . Heavy metals are non-biodegardable, entry into the food chain can result in accumulation through the food chain and biomagnifications [3] , which increases the toxicity, thus increasing its threat to the ecosystem and human health [4] . Therefore, removal of heavy metal is one of the most important environmental issues worldwidely.
In Malaysia, the generation of waste containing heavy metals originates from electroplating and metal treatment or fabrication industries located along the West coast of peninsular including Klang Valley, Penang, Ipoh and Johor Bahru. Table 1 summarizes the heavy metals commonly released by industries and their sources. Table 2 summarizes permissible limit to Malaysia and International bodies on metal discharge.
The discharge of the effluents into the receiving environment should follow acceptable level and is a chief concern Various techniques have been employed for the treatment of metal-bearing industrial wastewaters. Conventional procedures include chemical precipitation [5] , lime coagulation [6] , ion exchange [7] , reverse osmosis [8] and solvent extraction. These methods have been found to be limited since they often resulting problems of safely storing radioactive wastes [9] , high capital and operational cost [10] and not economically feasible [11] . The need for more economical and effective method for metal removal from wastewater, have initiated all researchers world widely to search for efficient eco-friendly and cost-effective remedies. Hence, this search has directed to the discovery of biosorption. Biosorption is a technique that employs inactive non-growing biomass for the recovery of heavy metals from aqueous solutions. Biosorption offers the advantages of low cost, good efficiency and production of sludge with high metal content is possible to avoid by the existence of metal recovery method from metal loaded biosorbent through elution or incineration treatment [12] . Therefore, a low cost sorbent with high metal binding need to be investigated. The question arises, which waste as a good sorbent. Therefore, more studies should investigate waste material containing large amount of polysaccharides with acidic functional group namely, fruit waste.
Biosorption mechanisms by fruit biosorbents
The biosorption process using fruit biosorbent involves a solid phase (fruit waste, biomass or biosorbent) and a liquid phase (solvent, normally water) containing dissolved species to be sorbed (sorbate or metal). Due to the higher affinity of the biosorbent for the sorbate, the latter is attracted and bound there by different mechanisms. This process is continuous until the amount of solid-bound sorbate species and its portion remaining in the solution reach equilibrium Biosorption mechanisms can be varied due to the complex structure of biomass such as fruit waste which implies that there are many ways for the metal to be taken up by the cell. The status of biomass (viable or non-viable cell), property of metal solution chemistry, environmental conditions such as pH and temperature, influence the mechanism of metal biosorption. [13] . The mechanisms of biosorption are generally based on physico-chemical interactions between metal ions and the functional groups present on the
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cell surface, such as complexation, physical adsorption, ion exchange, chemical sorption, co-ordination and precipitation [14] [15] . In complexation, the metal removal from solution may also take place by complex formation on the cell surface after interaction between the metal and the active groups. For ion exchange, the cell wall of the fruit waste that contains polysaccharides and bivalent metal ions exchange with the counter ions of the polysaccharides. The biosorption of Pb(II), Cd(II) and Co(II) by Garcinia mangostana L.fruit shell was expected to taken up by ion exchange mechanism [16] . In the category of physical adsorption, it takes place with the help of Van der Waal's forces. In the case of precipitation, it might be dependent or independent of cellular metabolism. The precipitates may be formed and remain in contact with or inside the microbial cells or independent of the solid phase of the cells. Purified products from isolated cells such as chitin accumulate greater quantities of cations than the intact cells providing that biomolecules can form metal precipitates.
Factors affecting biosorption
Biosorption is mainly affected by initial metal ion concentration, temperature, pH and biomass concentration in solution. Higher initial metal ion concentration results in a high solute uptake. This is because at higher concentration, the sites available for sorption become fewer compared to the moles of solute present, hence, the removal of solute is strongly depend upon the initial solute concentration.
It is necessary to identify the maximum saturation potential of a biosorbent because all experiments for biosorption should be conducted at the highest possible initial solute concentration. Temperature does not influence the efficiency of biosorption in the range of 20-35°C [17] . Higher temperature enhances sorption due to the increased surface activity and kinetic energy of the solute. However, physical damage to the biosorbent can be expected at higher temperature.
pH is observed to be very important due to its ability to affect the solution chemistry of the metals, the activity of functional groups in the biomass and the competition of metallic ions [18] [19] . pH strongly influences the specification and biosorption availability of the metal ions. At higher solution pH, the solubility of metal complexes decreases sufficiently allowing precipitation, which may complicate the sorption process.
The specific uptake of metal is influenced by the concentration of biomass in the solution. [20] . Many studies indicated that, lower biosorbent dosages yield higher uptake and lower percentage removal efficiencies. An increase in the biomass concentration generally increases the amount of solute biosorbed, due to the increased surface area of the biosorbent, which in turn increases the number of binding sites.
Fruits as biosorbent
Fruits and it by-products have been widely investigated for their potential to remove metals from water. These include coconut shell [21] , durian rind [22] , banana peel [23] , mango peel [24] , mangosteen shell [16] , pomegranate peel [1] , mandarin peel [25] , papaya wood [26] , yellow passion-fruit shell [27] , grape waste [28] , orange peel [29] , coconut coir [30] and citrus peels [31] . Fruit wastes are cheap, unlimited, easily disposed by incineration, and even reusable after being rejuvenated. A study have reported successful desorption and rejuvenation of metal-loaded papaya wood using 0.1 HCl. The rejuvenated papaya wood retained its efficiency to biosorb copper and cadmium after five repeated cycles of sorption-desorption. Optimum biosorption for all three metals was reached at pH 5 during contact time of 60 minutes with relative order of metal sorption affinity of Cu (II) > Cd (II) > Zn (II) [32] . Sorption of Cr (III) and Pb (II) from aqueous solution by yellow passion fruit shell (YPFS) was studied by Jacques et. al [27] . The study presented that YPFS have higher adsorption capacities when compared with several different adsorbent of 151.6 mg -1 and 85.1 mg -1 respectively for Pb (II) and Cr (III). Removal of Cr (VI) from aqueous solution by crossed-linked grape waste gel was reported by Chand et. al [28] . Effect of process parameters (pH and contact time) was studied and sorption was most efficient at pH 1 during contact time of 60 minutes. The metal adsorption on the gel was highly pH dependent and the adsorption capacity was found to increase with increasing solute concentration. Adsorption behavior of Cd 2+ and Pb 2+ on Applied Mechanics and Materials Vol. 389mango peel waste (MPW) was studied by Iqbal et. al [24] . The adsorption of the metals was dependent on such experimental conditions like pH, sorbate-sorbent concentrations and contact time. Maximum adsorption for both Cd 2+ and Pb 2+ by MPW was reported at pH 5. The result showed 99% of both metals were removed in 60 minutes contact time. Experimental and reaction kinetics were expressed by Langmuir adsorption isotherm and pseudo-second order kinetics model. The potential to remove Pb 2+ from aqueous solution by honey dew waste was reported by Akar et. al. [33] . The biosorption was rapid in the initial stage of the process and increased with an increase in contact time up to 80 minutes at pH 5.5. The temperature positively affecting the biosorption efficiency of biosorbent for metal ion where the biosorption capacity increased from 52.09 ± 1.47 mg -1 to 75.88 ± 0.75 mg -1 where the temperature was raised from 20°C to 40°C. Table 3 presents a comparison of several fruit biosorbents. The table shows that various type of fruit biosorbent had been used to different kind of target heavy metals. Each fruit biosorbent need different condition of pH, contact time and yield different metal uptake. The results also show that fruits are a promising biosorbent. As stated in the earliest discussion the cell wall of fruit waste containing polysaccharides help to absorb target heavy metals.
In Malaysia, diverse industries discharge effluent containing a mixture of pollutant including heavy metals. Therefore, there is a great potential of using other locally fruit waste material as biosorbent in treating the wastewater containing heavy metals. Fruit waste materials are typically generated large quantities by the fruit juice industry or fruit stall locally. These materials have received little scientific attention, in spite of high quantity of pectin, which contain carboxyl group. The plant cell wall polysaccharide pectin consists mostly of polygalacturonic acid (carboxyl group). Normally, polysaccharide pectin is commercially extracted from sugar beat, apple and citrus peels. Due to similarity of pectin, such fruit materials namely banana, watermelon or honeydew are predicted as a very promising biosorbent. However their biosorption potential has only been studied to a limited extent in spite of their abundant availability at minimal cost.
This alternative sorbent material is choosed based on its potentially high content of cellulose, pectin, hemicellulose and lignin and due to its abundance as waste material from juice industry or fruit stall. Beside the fact the fruit is rich in nutrition, the rind contain high pectin which is essential component for sorbent material as active sites. The active binding sites for metals are supposed functional group of hydroxyl and carboxyl in cellulose, chemical modification has shown great promise in improving the cation exchange capacity due to the increase of functional group. In the previous work, adsorption of metal were studied by using raw citrus peel and resulted to different affinity sequence [25] .
Concluding remark
Taking into account that biosorption technology has proven to be effective, economic and environmental friendly for the treatment of wastewater containing heavy metals, focused research in a more comprehensive area is desired for more effective treatment design and performance. Some
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areas where further research may be directed include strategies to enhance performance of biosorbent and mass transfer of contaminant, optimization of process factors, system congfiguration and multiple process integration. This review has highlighted that biosorbent is a potential method in treating heavy metal in wastewater.
